The incisive papilla has been used as a landmark on the basis of Caucasian norms, which place the maxillary central incisors 8-10 mm anterior to the center of the incisive papilla [4] [5] [6] [7] [8] [9] [10] [11] . Harper suggested that the incisal edges of the upper central incisors should be 5-8 mm in front of the center of incisive papilla [12] . McGee stated that the average distance between the anterior point of the central incisors and the center of incisive papilla is 7.7 mm [13] .
Some studies have indicated that a line drawn at right angles to the midline passing through the center of incisive papilla passes through the tips of the upper canines [14] [15] [16] . Schiffman found that in 92% of his subjects, the line connecting the tips of the canines was within an area of 1 mm anterior and posterior to the center of incisive papilla [14] . Watt and Likeman suggested that the maxillary canines should be located in a coronal plane passing through the posterior border of the incisive papilla, rather than through its center [1] . In addition, the distance was not affected by gender, age and maxillary tooth arch form [15] . Mavroskoufis and Ritchie reported that, in 93.4% of their subjects, the distance between the center of incisive papilla and intercanine line was less than 2 mm, while in 87% of the subjects, the distance was less than 1.5 mm [9] . The average value in all subjects was 0.6 mm. It has been reported that the labial surfaces of the maxillary central incisors should be 8-10 mm anterior to the incisive papilla [11] .
Since most previous studies have been conducted with Caucasian samples, the purpose of this study was to investigate the three-dimensional relationship of the maxillary anterior teeth to the incisive papilla in young Taiwanese adults with approximately optimal occlusion. Prosthetic reference considerations were provided, whereby the positions of the upper anterior teeth were determined.
MATERIALS AND METHODS
Fifty male and 50 female Taiwanese subjects with 28 teeth congenitally without third molars, with no history of orthodontic treatment, Angle Class I canine and molar relationships, crowding or spacing less than 2 mm in total, no extensive restorations and no history of temporomandibular disorders, were included in this study. The ages of the subjects ranged from 19 to 28 years, with a mean age of 22.4 years.
Maxillary irreversible hydrocolloid impressions (CA38; CAVEX, Haarlem, The Netherlands) were made for our subjects. Stone casts (NEW PLASTONE; GC Corp., Tokyo, Japan) were then immediately poured into these impressions. The manufacturer's instructions were followed accurately.
Standardization of models
Base former (T.P. Orthodontics Inc., Houston, CA, USA) was utilized to establish the upper casts of all subjects. Prior to each measurement, the bases of the gypsum models were corrected to parallel the granite platform of the three-dimensional precise measuring device.
Surveying tools, positions and methods
This experiment utilized an accurate three-dimensional precise measuring device (CE-503V; Chien Wei Precise Technology Co. Ltd., Kaohsiung, Taiwan) ( Figure 1 ). The tip of the piezoelectric probe was 0.5 mm in diameter, with a linear accuracy (U1) of 4 + 5L/1,000 µm. The crowding or spacing of all teeth was measured by touching the most convex points of teeth proximities with the probe of the three-dimensional measuring device, under a magnification of 100 times, and calculated by the computer. To determine the center of the incisive papilla, the border of the incisive papilla was outlined under a magnification of 100 times with the three-dimensional measuring device. The most anterior and posterior points of the incisive papilla were then identified using the same method. Finally, the coordinates of the center of the incisive papilla were calculated by the computer. The points of the mesiolabial and distolabial incisal edges of the upper incisors and the cusp tips of upper canines were thereby identified using the same method. The intercanine line formed with the imaginary connection line of the cusp tips of upper canines was recorded by the computer after the cusp tips of the upper canines were recognized. All data were recorded and analyzed using three-dimensional surveying software (KCMM version 1.60; Ishin Technology Co. Ltd., Taipei, Taiwan).
Horizontal distance measurement
Once the orientation of the incisive papilla was determined, the horizontal distances from the mesiolabial incisal edges of the upper central incisors and the intercanine line to the center of the incisive papilla were measured and analyzed using the three-dimensional surveying software.
Vertical distance measurement
The tip of the piezoelectric probe touched the center of the incisive papilla and the lowest points of bilateral hamular notches to determine the HIP plane (hamular notch-incisive papilla plane). Once the orientation of the HIP plane was determined, the vertical distances from the cusp tips, mesiolabial and distolabial incisal edges of maxillary anterior teeth to the HIP plane were measured and analyzed using the threedimensional surveying software.
Statistical methods and analyses
In this study, all measurements were performed by the same person and all calculations were performed using statistical analysis software (SAS) JMP version 4.02 (SAS Institute Inc., Cary, NC, USA). Data were analyzed using the Student's t test and Pearson's correlation. The significance level was set at p < 0.05 for each analysis.
RESULTS
The mesiolabial incisal edge of the upper central incisor was 7.30 ± 0.64 mm anterior to the center of the incisive papilla (7.35 ± 0.66 mm in males, 7.24 ± 0.62 mm in females). There was no significant difference in gender (p > 0.05). The intercanine line was 0.27 ± 1.30 mm posterior to the center of the incisive papilla (0.23 ± 1.33 mm in males, 0.30 ± 1.28 mm in females). There was no significant difference in gender (p > 0.05). (Tables 1 and 2 ). Correlation analysis showed that the horizontal distances from the center of the incisive papilla to the upper central incisors and canines showed only weak correlation (r < 0.5). The measurements of vertical distances between the cusp tips, mesiolabial and distolabial incisal edges of the maxillary anterior teeth to the HIP plane are shown in Figure 2 . 
Analysis of the positions of maxillary anterior teeth

DISCUSSION
The use of the incisive papilla as a reference for setting artificial teeth is based on the assumption that the incisive papilla is a stable landmark. Harper stated that the incisive papilla did not change position up to 7 years after teeth extraction [12] . Watt and Likeman studied alveolar ridge resorption in 25 subjects over a period of 2.5 years and found that, on average, the papilla moved forward about 1.6 mm and upward about 2.3 mm. Such anterior and superior movement of the incisive papilla must be considered when used as a reference for positioning maxillary anterior teeth [1] . Klemetti et al concluded that the location of the incisive papilla was significantly dependent on the duration of edentulousness in the maxillae [17] . The longer the teeth had been absent, the more anteriorly the papilla was situated because of the flatness [17] . In the case of previous tooth extractions, it is best to evaluate the position of the incisive papilla, which can give useful indications about the original position of the teeth. Indeed, the location of the incisive papilla seems to be affected very little by postextraction osseous resorption. To compensate for the movement of the incisive papilla in edentulous subjects, we suggest that the horizontal distance between the mesiolabial incisal edge of the upper central incisor and the center of the incisive papilla should be less than 8 mm (not larger than 7.30 ± 0.64 mm). By doing so, one could avoid an overly protrusive appearance and excessive offset forces, which might dislodge the prosthesis. The incisive papilla can therefore be considered a reliable reference for defining the correct position of anterior restorations in maxilla.
The distances measured in this study were compared with those from previous studies. There were differences between the Taiwanese population and Caucasian groups in the mean distance from the maxillary central incisor to the incisive papilla [3, 7, 9] . However, there were very similar distances among the Taiwanese in this study (7. Table 2 . Three-dimensional relationship of maxillary anterior teeth to the center of the incisive papilla in female subjects* † ‡ X value, mm Y value, mm Z value, mm (n = 50) (n = 50) (n = 50) in Sugaya et al's study (7.2 mm) [18] and the Chinese in Han's study (7.52 mm) [19] . One significant factor is that canines are usually the last extractions in the maxilla, and are more reliable landmarks for artificial teeth arrangement. However, the use of the incisive papilla as a reference point must be cautious, because of its migration in edentulous situations. The distance from the intercanine line to the center of the incisive papilla in this study was similar to that in Schiffman's study, in which the intercanine line within an area 1 mm anterior and posterior to the center of the incisive papilla was 92% [14] . According to Ehrlich and Gazit, 57.6% of intercanine lines passed through the center of the incisive papilla [15] . Mavroskoufis and Ritchie claimed that the tips of the maxillary canines should be set on a line approximately 0.6 mm posterior to the center of the incisive papilla [9] . Lau and Clark investigated a Southern Chinese population and concluded that, in 57.3% of their subjects, the intercanine line passed through the middle third of the incisive papilla [20] . In a study of Taiwanese, Huang et al found that the intercanine line passed through the middle third of the incisive papilla in 72.84% of subjects [21] .
Cooperman searched the upper arches of the attritionally occluded skulls for anatomic landmarks coinciding with nature's plane of occlusion. Observations finally determined that three anatomic points were in this plane-namely, the left and right hamular notches and the area of the incisive papilla of the maxilla. Hence, the name HIP (hamular-incisive-papilla) plane was devised in 1975 [22] . The frontal connection of the vertical distances from the maxillary anterior teeth to the HIP plane in this study was parallel to the HIP plane in the frontal view (Figure 2 ). This implied that the HIP plane might be used as a reference plane for the orientation of the frontal occlusal plane [23] .
In this study, as in that of Sugaya et al [18] , a threedimensional measuring device was used to measure maxillary casts, and the accuracy was higher than with a two-dimensional device. The tip of the piezoelectric probe was used to touch the check points; then, the horizontal and vertical distances data were easily calculated using software.
This study found that the incisive papilla may be used as a clinical practice guideline for the setting of maxillary anterior teeth in Angle class I subjects. However, further study must be carried out to investigate the validity of this method in various skeletal and dental morphologies, and the use of incisive papilla as a reference landmark must be performed with caution, because its migration is anteriorly dependent on the duration of edentulousness in the maxillae. 
